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DL-N-Acetyl-l-benzyl-5-methoxytryptophan.—A suspension 
of 7.5 g. (0.0161 mole) of diethyl acetamido(l-benzyl-5-methoxy-
3-indolylmethyl)malonate (3c) in 32 ml. of 2.5 A" X'aOH was 
refluxed for 3 hr., clarified with charcoal, cooled to 5°, acidified 
with 50 ml. of 2 Ar HC1, and refrigerated overnight. The pre
cipitate of acetamido(l-benzyl-5-methoxv-3-indolylmethyl)ma-
lonic acid (5.9 g., 92%) melted at 166-168°.' 

Anal. Calcd. for C,2H,2X,06: X, 6.82. Found: 7.08. 
A mixture of 5.5 g. (0.0136) of the aeetamidomalonic acid, 100 

ml. of ethanol, and 50 nil. of water was refluxed for 4 hr., distilled 
in vacuo to remove alcohol, and refrigerated overnight. The 
cream-colored precipitate of DL-X-aeetyl-l-benzyl-5-inethoxy-
tryptophan was filtered off and dried (yield 4.4 g., 89.6%., m.p. 
176-177°). A sample, recrvstallized from 30f", ethanol, melted 
at 178-179°. 

Anal. Calcd. for C ^ r f a X ^ : ( \ 68.83: H, 6.05; X, 7.65. 
Found: C, 69.11; H, 6.35; X, 7.70. 

DL-l-Benzyl-2-methyltryptophan (lb).—i>L-N-Acetyl-l-
benzyl-2-methyltryptophan (2.9 g., 0.0083 mole) was refluxed 

for 24 hr. with 15 ml. of 2 A" XaOH solution, treated with char
coal, filtered hot, and acidified to pH 5.5 with acetic acid. The 
crystalline precipitate was recrvstallized from 50'', ethanol; 
yield 0.45 g. (15 r ; ) , m.p. 237-239°. 

Anal. Calcd. for Cis,HooX202: C. 73.98: H, 6.54: X. 11.09. 
Found: C, 73.97: H, 6.21: X,8.84. 

i.n.-X-Acetyl-1-benzyl-2-methyltryp1ophan (.1.2 g., m.p. 213° 
niter reerystallization from ethanol) was recovered from the iv
ory stallizat ion mother liquor. 

DL-l-Benzyl-5-methoxytryptophan (lc).—DL-X-Acetyl-1 -
benzyl-5-methoxytryptophan (3.0 g., 0.0082 mole) was re
fluxed with 14 ml. of 2 A" XaOH for 25 hr., filtered hot. cooled, 
neutralized to pH o.r< with acetic acid, and stored overnight 
in the refrigerator. The crystalline precipitate of crude lc 
was filtered off and recrvstallized from 50% ethanol (yield 0.9 
g., 33%, m.p. 232 -233° . It melted at 229-230° after a ~ocond 
reerystallization from 50% ethanol. 

Anal. Calcd. for ( V . ' H , 0 X 2 O , : C. 711.35: H, 6.22: X. .8.64. 
Found: C. 70 . lv H. ii.14: X, 8.54. 
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2-Amino-3-methyllhiobutyric acid, the thia analog of isoieucine, was prepared a- a diasiereoisomeric mix lure 
by condensing 2-phenyl-4-ethylidene-5-oxazolidone and methanethiol in the presence of sodium methoxide, fol
lowed by acid hydrolysis of the resulting intermediate condensation product. 2-Amino-3-methylthiob\nyric 
acid inhibits growth of Escherichia coli, Streptococcus laciis, Leuconostoc dextranicum, Lactobacillus casei. and 
Leuconostoc mesenteroides at concentration levels of 6, 6, 60, 60, and 60 -,/ml., respectively. A specific and com
petitive reversal of 2-amino-3-methylthiobutyric acid toxicity by isoieucine is observed with E. coli with an in
hibition index of about 30 over a 100-fold range of increasing substrate concentrations. 

Substitution of a sulfur atom for a methylene group 
in certain aliphatic amino acids has been successful in 
producing thia analogs which act as amino acid an
tagonists. Among such analogs. S-carbamoyl-L-cysteine 
(4-thiaglutamine) has been found to inhibit the growth 
of several laetobacilli by interfering with essential bio
logical functions in which glutainine has a role, but its 
toxicity is only partially and noncompetitively reversed 
by glmamine.2 S-(/3-Aminoethyl)-L-cysteine (4-thia-
Iysine) has been found to antagonize competitively the 
utilization of lysine for the growth of Leuconostoc mesen-
leroiiles P-ftO and Lactobacillus acabinosus 17-").:) 

In view of the biological activity observed with these 
thia analogs, it was anticipated that the introduction of 
a sulfur in place of the methylene group at the 4-posi-
tion of isoieucine might produce an effective antagonist 
of isoieucine. in certain microorganisms. In this in
vestigation, 2-amino-3-methy!thiobutyric acid was pre
pared as a diastereoisomeric mixture, and its biological 
properties were studied in Escherichia coli 9723 and 
several laetobacilli. 

Experimental4 

Organic Syntheses. 2-Benzamido-3-methylthiobutyric Acid. 
—To a solution of 4.8 g. of methanethiol in 100 ml. of absolute 
methanol, in which 0.5 g. of sodium had reacted, was added slowly 

(1) T h e s u p p o r t of this work by G r a n t Xo . R-0S5 from the Hube r t .A 
Welch F o u n d a t i o n of Hous ton , Texas , is grateful ly acknowledged . 

(2) .). M. Rave l , T. J. M c C o r d , C. O. Skinner , and W. Siiive. ./. Biol. 
fVicm.,232, 159 (1958). 

iti) T. Sliiota, J. K. Folk, and F. T ie tze , Arch. Bivchem. Biophys., 77, 352 
.JH58). 

a solution of 18.5 g. of 2-phenyl-4-ethylidene-5-oxa/o]idone" in 
100 ml. of benzene at 5-10° with constant stirring. After addi
tion was complete, the reaction mixture was allowed to stand at 
40° for 72 hr. The reaction mixture was acidified to pH 2 by 
the addition of 6 A' H O and then taken to dryness by removal of 
the solvents under reduced pressure. The residual solid was 
extracted with 50 ml. of boiling ethanol, and the insoluble material 
was removed by filtration. After chilling the alcoholic filtrate 
in a refrigerator overnight, there was obtained 20.1 g. of white 
crystals, m.p. 72 74°. A sample recrvstallized from hot ethanol 
melted at 74-75°. 

Anal. Calcd. for <VH,.-,X03S: C, 56.89: H, 5.97. Found: 
C. 56.97: H, 6.30. 

2-Amino-3-methylthiobutyric Acid (4-Thiaisoleucine) Hydro
chloride Monohydrate.— A solution of 2 g. of 2-benzamido-3-
methylthiobutyric acid in 200 ml. of 4 A" HC1 was heated at reflux 
for 2 hr. The reaction mixture was extracted twice with 50-ml. 
portions of ether to remove the benzoic acid. The aqueous 
phase was taken to dryness in cacao, and the residual oil was 
treated with 100 nil. of benzene. The resulting mixture was 
allowed to stand several days at room temperature in order to 
effect crystallization of the desired product. The solid was 
collected on a filter, washed with benzene, and dried in a desic
cator under vacuum (CaCF). There was obtained 0.9 g. of 
chromatographically pure product which softened to a gelatinous 
solid at 65-67° and'melted at 122-132° dec. 

Anal. Calcd. for CsHnXOs.S-HCl-HjO: C, 29.48: 11,6.92; 
X, 6.87; S, 15.74. Found; C, 29.71 ; H, 6.91; X, 7.20: S. 15.98. 

The Hi values in 1-butanol-acetic acid-water (3:1:11, 65'," 
pyridine, and 9 5 r , methanol were 0.50, 0.67, and 0.48. respee-

•I i All mel t ing points are correc ted . The microanalyses were performed 
b.v I n t e r n a t i o n a l Chemica l and .Vuelear Corp . . Ci ty of I n d u s t r y , Calif. 
All Hi d a t a were d e t e r m i n e d using t h e ascending t echn ique of p a p e r chro
m a t o g r a p h y in the solvents indicated , and n i n h y d r i n reagent was used for the 
deve lopmen t of t he spots . T h e infrared s p e c t r u m was de t e rmined on a 
Reekman I n s t r u m e n t s , inc . , Model I R - 8 s p e c t r o p h o t o m e t e r using the po
tass ium bromide pellet t echn ique and at a concen t r a t i on of 0.5 ' ; ' ' . 

5) If. E. Car te r , P Han.Iter, a n d I"). .1). Melvil le , ./. Biol.. <').,„,., 129, 
:ii;2 ' i n s t i l . 
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tively. An infrared spectrum showed strong absorption peaks 
at 3.4, 5.8, 6.3, 5.75, 7.1, and 8.3 p. 

Microbiological Assays.—For E. coli 9723, a previously de
scribed inorganic salts-glucose medium6 was used, and the or
ganism was incubated at 37° for 15 hr. For the lactic acid 
bacteria, a previously reported amino acid medium7 was modified 
by the addition of calcium pantothenate (0.2 g./ml.), by de
creasing the amount of isoleucine (4 7/ml.), valine (15 7/ml.), 
and leucine (15 7/ml.), and with additional modifications noted 
for each organism. For L. dextranicum 8086 and L. 7nesenteroides 
8293, 0.02 7/ml. of pantethine was added under aseptic condi
tions, and the phosphate concentration was increased fourfold. 
For S. lactis 8039 and L. casei 7469, 4 7/ml. of L-glutamine was 
added under aseptic conditions. The latter organism was in
cubated at 37° for about 24 hr., and the other lactic acid organ
isms were incubated at 30° for 30 hr. In all assays the amount 
of growth was determined photometrically at 660 m/a with a 
Bausch and Lomb Spectronic 20 spectrophotometer in terms 
of absorbance readings of the turbid culture medium against a 
blank of uninoculated medium set at 0 absorbance. The amino 
acid analog was dissolved in sterile water and added aseptically 
to the previously autoclaved tubes. 

R e s u l t s and D i s c u s s i o n 

As i n d i c a t e d in t h e a c c o m p a n y i n g e q u a t i o n s , t h e 
s y n t h e s i s of 2 - a m i n o - 3 - m e t h y l t h i o b u t y r i c ac id ( I I I ) w a s 
a d a p t e d from t h e p r o c e d u r e for t h e p r e p a r a t i o n of 2-
a m i n o - 3 - b e n z y l t h i o b u t y r i c acid 8 u s ing m e t h a n e t h i o l in 

C H 3 C H = C CO 
CH.SH 

CH3 

CeHs 

.CHCHCOOH -
I 
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II 

CH, 

CH3S 
.CHCHCOOH 

1 

N H 3 + c r 

I I I 

p l ace of b e n z y l m e r c a p t a n as r e a c t a n t w i t h 2 -pheny l -4 -
e t h y l i d e n e - 5 - o x a z o l i d o n e (I) in t h e p r e s e n c e of s o d i u m 
m e t h o x i d e . T h e course of t h i s r e a c t i o n shou ld resu l t 
in a m i x t u r e of t w o d i a s t e r eo i somer i c fo rms of 2 -benz-
a m i d o - 3 - m e t h y l t h i o b u t y r i c ac id ( I I ) ; howeve r , seve ra l 
a t t e m p t s t o s e p a r a t e t he se d i a s t e r e o i s o m e r s b y f rac
t iona l r e c r y s t a l l i z a t i o n t e c h n i q u e s w e r e unsuccessfu l , 
even t h o u g h th i s t e c h n i q u e w a s s a t i s f ac to ry for t h e 
s e p a r a t i o n of t h e d i a s t e r eo i somer i c m i x t u r e of 2 -benz-
a m i d o - 3 - b e n z y l t h i o b u t y r i c acid . 8 I n v i e w of t h e dif
ficulty in s e p a r a t i n g t h e s e d i a s t e r e o i s o m e r s t h r o u g h re -
c ry s t a l l i z a t i ons , t h e r e s u l t i n g p r e p a r a t i o n of 2 -benz-
a m i d o - 3 - m e t h y l t h i o b u t y r i c ac id ( I I ) w a s c o n v e r t e d b y 
ac id h y d r o l y s i s t o t h e des i red a m i n o ac id a n a l o g ( I I I ) . 
P a p e r c h r o m a t o g r a m s of t h e i so la ted m a t e r i a l f rom t h e 
r e a c t i o n h y d r o l y s i s in s eve ra l so lven t s y s t e m s s h o w e d 
the p r e s e n c e of o n l y one n i n h y d r i n - p o s i t i v e c o m p o n e n t . 

T h i s p r e p a r a t i o n of 2 - a m i n o - 3 - m e t h y l t h i o b u t y r i c 
ac id i nh ib i t s t h e g r o w t h of s eve ra l m i c r o o r g a n i s m s , a n d 
s u b s e q u e n t p r e p a r a t i o n s d id no t v a r y a p p r e c i a b l y in 
the i r b io logica l a c t i v i t i e s . U n d e r t h e t e s t i n g c o n d i t i o n s 
p r e v i o u s l y desc r ibed , t h e c o n c e n t r a t i o n levels of 2-
a m i n o - 3 - m e t h y l t h i o b u t y r i c ac id ( I I I ) r e q u i r e d for com
p le t e i n h i b i t i o n of g r o w t h w i t h five different o r g a n i s m s 
a r e r e co rded in T a b l e I . T h e s e i n h i b i t o r y levels v a r y 

(6) E. H. Anderson, Proc. Natl. Acad. Sci. U. S., 32, 120 (1946). 
(7) J. I I . Ravel, L. Woods, and W. Shive, J. Biol. Chem., 206, 391 (1934). 
(8) H. E. Carter, C. XI. Stevens, and L. F, Xey. ibid., 139, 249 (1941). 

TABLE I 

INHIBITION OF MICROBIAL GROWTH BY 

2-AMINO-3-METHYI.THIOBUTYRIC ACID (III) 

Inhibitory level of III, 
Microorganism" 7/ml.'1 

E. coli 9723 6 
S. lactis 8039 6 
L. dextranicum 8086 60 
L. casei 7469 60 
L. mesenteroides 8293 60 

" In the presence of 4 7/ml. of isoleucine and 15 7/ml. of valine 
which are required for growth, except for E. coli. b Amount re
quired for complete inhibition of growth. 

TABLE II 

REVERSAL OF TOXICITIES OF 2-AMINO-3-METHYLTHIOBVTYRIC 

ACID (III ) FOR E. coli 9723" BY AMINO ACID SUPPLEMENTS 

Minimal concentration of analog 
Amino acid supplement. for complete inhibition of growth, 

7/ml. 7/ml. 

None 
DL-Isoleucine 

2 
6 

20 
DL-Valine 

2 
6 

20 
DL-Leucine 

2 
6 

20 
DL-Isoleucine + DL-valine 

2 + 2 
6 + 6 

20 + 20 
Threonine 

0.6 
" Incubated at 37° for 15 hr. 

6 

60 
200 
600 

6 
6 
20 

6 
6 
6 

60 
200 
600 

20 

TABLE II I 

REVERSAL OF 2-AMINO-3-METHYLTHIOBCTYRIC ACID (III) BY 

DL-ISOLEUCINE IN E. coli 9723" 
. DL-Isoleucine, 7/ml. • 

0 0.2 0.8 2.0 8.0 20 
III, 7/ml. . Absorbance readings^ 

0 0.75 0.73 0.72 0.75 0.75 0.72 
0.6 0.70 
2 0.21 0.68 0.68 
6 0.06 0.07 0.60 0.73 

20 0.15 0.61 0.74 
60 0.12 0.61 0.71 

200 0.00 0.61 
600 0.00 

" Incubated at 37° for 15 hr. b A measure of culture turbidity 
in which absorbance readings of 0.52, 0.30, 0.15, and 0.05 are 
equivalent to 0.76, 0.43, 0.215, and 0.06 mg. of dry weight of 
cells/ml. of culture, respectively. 

from 6 7 / m l . for E. coli a n d S. lactis t o 60 7 / m l . for 
t h e o t h e r m i c r o o r g a n i s m s . 

T h e effects of s u p p l e m e n t s of i so leucine , v a l i n e , leu
cine, a m i x t u r e of i soleucine a n d v a l i n e , a n d t h r e o n i n e 
u p o n t h e a m o u n t of 2 - a m i n o - 3 - m e t h y l t h i o b u t y r i c ac id 
n e c e s s a r y for g r o w t h of E. coli w e r e d e t e r m i n e d , a n d t h e 
resu l t s a r e i n d i c a t e d in T a b l e I I . I n t h e p r e s e n c e of 
2-, 6-, a n d 20-7 , /ml . s u p p l e m e n t s of DL-isoleucine, t h e 
i n h i b i t o r y level r e q u i r e d for c o m p l e t e i n h i b i t i o n is in
c reased to 60, 200, a n d 600 7 / m l . , r e spec t ive ly . 
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Growth toxicity of this amino acid analog is only slightly 
affected by higher concentrations of i)L-valine (i.e.. in 
the presence of 20 7 nil. of DL-valine. the minimal con
centration of antagonist required for complete inhibi
tion is increased from 6 to 20 7 ml.) and is not affected 
to any appreciable extent by i>L-leucine. Equal concen
trations of a mixture of isoleucine and valine are no 
more effective than the isoleucine concentrations alone 
in preventing the inhibitory effects of 2-aniino-o'-meth-
ylthiobutyric acid. However, threonine does prevent 
the inhibitory effects of the antagonist appreciably. 

Threonine is known to serve as a precursor of isoleu
cine in E. ciili.'-'1" and the reversal by threonine of an 

C.D II. K. I ' m l i a r j r ; ami E. A. Adelberg . ./. Biol. Ci„-m.. 192, 883 i.lli.'il C 
10) U. I-:. Umbarge] ' . ./. Bacterial., 65, 203 r 1 (•/>:•*). 

Granacher4 has shown the applicability of rhodanine 
to organic syntheses. lis active methylene group per
mits reactions with aldehydes yielding stable conden
sation products.''' These are easily cleaved with alkali 
to thioketo acids which are believed to exist in equilib
rium with the tautomeric sulfhydryl forms since they 
give a deep green color with ferric chloride.4 Oximino 
acids, produced by the action of hydroxylanhne on the 
thioketo acids, can be converted with sodium amalgam 
to amino acids.4 The oximino acids also can be con
verted with hydrochloric acid in the presence of formal
dehyde lo the corresponding keto acid." This synthetic 
sequence, if applicable to the pyrimidinealdehydes, was 
considered to be of unusual interest since the intermedi
ates as well as the amino acids might be expected to 
show some antitumor activity in view of their structural 
relationship to various metabolites. 

The pyrimidine nucleosides and nucleotides are im
portant as coenzymes and as metabolic precursors of 
the nucleic acids. Consequently, it is not surprising 
that a number of bacteriostatic and careinostatie drugs 
are derivatives of pyriniidines. We have reported7 

(1) Th is inves t iga t ion was s u p p o r t e d by Publ ic Hea l th Service G r a n t s 
CA-06364-02, CA-06364-03, and CA-02756-08 from the N a t i o n a l Cance r 
I n s t i t u t e , a n d in a smal l p a r t from the Amer ican C a n c e r Socie ty In s t i t u t i ona l 
G r a n t to t he Unive r s i ty of N o r t h Caro l ina . 

(2) T o w h o m inqui r ies should be sen t . 
(3) P r e d o c t o r a l T ra inee s u p p o r t e d by Publ ic Heal th Service T ra in ing 

G r a n t 5 T I - G M - 4 0 4 - 0 2 from t h e N a t i o n a l I n s t i t u t e of Gene ra l Medica l 
Sciences. 

(4) C. G r a n a c h e r , Helv. Clam. Ada. 5, BIO (1922). 
lo) P . L. Ju l i an a n d B . M . Sturgis , ,/. Am. Cliem. Soc, 57, 1126 (1933). 
{'6) W. H. P e r k i n , J r . , W. M . Robe r t s , and R. Rob inson , ,/. Chem. Soc. 

101, 232 (1912). 

isoleucine antagonist has been previously studied in de
tail.11 

The inhibitory effects of 2-amino-3-methylthiobutyric 
acid and its reversal by isoleucine have been studied 
most extensively with E. villi, as indicated in Table III. 
The growth inhibitions produced by this analog were 
competitively reversed by increasing concentrations of 
isoleucine over approximately a 100-fold range with an 
inhibition index (ratio of inhibitor lo substrate neces
sary for complete inhibition of growth) of about ;{(). 
From these results, it is apparenl that 2-aniiiio-:>-niei li
cit hiobutyiic acid is a specific and effective am agonist 
of isoleucine in the microorganisms studied. 

H i W. M. Harding ami \\ . sh ive , ./. Biol. Clam., 206, 401 •. M'ol •. 

recently that various derivatives of pyrimidme-4-car-
boxaldehydes inhibit growth of the Ehrlich ascites 
carcinoma in mice. It seemed to be of interest to pre
pare various a-aniino acids, a-kcto acids, and «-thio-
keto acids with pyrimidine substituents in the ^-posi
tion for testing as possible inhibitors of tumor growth. 
It was found that these compounds could be prepared 
from the rhodanine derivative as outlined previously. 
The rhodanine derivative itself was of some interest 
since it can be considered to be a thio analog of a 7-lac-
tone, and certain lactones8'9 have been reported '"•" to 
inhibit tumor growth. Substitution of pyriniidines in 
the ^-position of the amino acid alanine might yield a 
potential inhibitor of protein synthesis as well as nucleic 
acid synthesis, and the corresponding a-oxiniino acid 
would be of interest in view of a previous report1'- of 
antitumor activity in this series. Substitution of py
riniidines in the rj-position of pyruvic acid and thiopy-
ruvie acid might yield an inhibitor of lactic dehydroge
nase as well as a pyrimidine antimetabolite. This 
might be of special interest in the inhibition of tumors 
in which there is particular dependence upon glycolysis':i 

for which lactic dehydrogenase is an essential enzyme. 

(7) ( ' . P i a n t a d o s i , V. ( i . Skulason , .1. I.. I rv in . J . M. Powel l , and b . Hall, 
./. Med. Chem., 7 , 337 (1964). 

(8) O. Doebner , Ber., 27 , 344 (1894). 
(9) 31. K u h n and D . Jerche l , ibid., 76, 413 (1943). 
(10) P . B. M e d a w a r , G. M . Rob inson , and R. Rob inson . Saturc, 151, 

195 (1943). 
(11) R. Kuhn , I ) . Je rche l . 1-'. Moewas , E. F. Moller , and II . Lett re, 

Xaturuissenschaften, 3 1 , 468 (1943). 
(12) J . E . Wilson, J. 1.. I rv in , J . K. Suggs, and K. Liu, Cam,r li,s.. 19, 

272 (1959). 
113) O. W a r b u r g and !•'. Kubowi tu , Biochem. /.., 189, 242 i !927 i . 

Synthesis of Some Pyrimidine Amino Acids by the Rhodanine Method 
and Tests vs. the Ehrlich Ascites Carcinoma1 
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[Some pyrimidine amino acids and intermediates (a-kelo acids, a-t.hioketo acids, and a-oximino acids') have 
been synthesized by the rhodanine method from 2-mercapto-6-oxo-pyrimidine-4-carboxaldehyde and various 
!- and o-methyl and ethyl derivatives thereof. The reduction of the oximino acids to the amino acids was per
formed with sodium amalgam in alkaline solution followed by neutralization with a weakly acidic ion-exchange 
resin. Representative examples of these compounds were tested as inhibitors of growth and protein synthesis 
in Ehrlich ascites carcinoma in mice. 


